Latinos and Asians in the United States are disproportionately burdened by hypertension, a leading risk factor for cardiovascular disease. Few studies have used multicomponent measures of acculturation to compare cardiovascular risk factors across immigrant-origin groups. Additionally, little is known about how acculturation and gender shape hypertension risk among immigrants.
Original article
Hypertension affects more than a third of the US population 1 and is a leading risk factor for cardiovascular disease. 2 Additionally, national campaigns such as Million Hearts 3 and Healthy People 2020 4 have prioritized reducing hypertension among the US population overall and disparities by race/ethnicity. Latinos and Asian Americans, specifically, are disproportionately burdened by hypertension and are the fastest growing population subgroups nationally, 5 making the identification of risk factors in these populations a public health priority.
Acculturation is one social determinant that may influence cardiovascular disease risk factors among Latino and Asian American adults. Although a complex and dynamic process, acculturation is generally defined as the process through which immigrants adapt to a new country's norms, attitudes, and practices. 6 A large body of research has investigated how acculturation proxies such as nativity, English language proficiency, and length of stay are associated with morbidity and mortality in immigrant-origin populations, although more extensively among Latinos. 7, 8 Studies focused on hypertension published in the last decade have shown that in the United States, increasing acculturation, measured with varying proxies, is associated with greater risk for hypertension in both Latinos and Asian Americans. [9] [10] [11] [12] [13] [14] Nearly, all of these studies have examined acculturation proxies separately, [9] [10] [11] 13, 14 however, and few have used a multi-item scale of acculturation that can be used across immigrant groups with varying migration patterns. Only 1 study of which we are aware has used an acculturation score comprised of 4 variables and found that increasing acculturation was associated with greater risk for hypertension 12 but did not examine whether this association holds across immigrant groups.
Moreover, a burgeoning body of public health research has called for an "intersectional" lens 15 to understand the synergistic ways in which socially defined determinants shape the health of populations. 16 Briefly, intersectionality theory posits that individuals hold multiple social positions in modern societies, with any single social factor rarely operating independently of the other. 15 Race/ethnicity and gender are 2 such social categories that are underpinned by unequal power relationships that can work in conjunction with immigrationrelated processes to produce inequality in health. 16 A small body of literature suggests that acculturation experiences may differ for men and women, 17 and the results of select studies examining whether the association between acculturation and hypertension differs by gender have been mixed. 9, 12, 14 Furthermore, these studies offer no comparisons across race/ ethnicity, although research has shown that experiences of integration into US society differ across immigrant-origin populations, 16, 18, 19 due to varying baseline levels of socioeconomic position (SEP), immigration policies, and racialization experiences in the US context. 16 Our study is one of the first to use a contemporary, nationally representative sample of Latino and Asian Americans to examine the intersection of acculturation proxies, race/ ethnicity, and gender on hypertension prevalence. Given the varying migration patterns for these 2 groups and differences in English language exposure, we use a multi-item acculturation scale that includes nativity, length of time in the United States, and language use at home. We hypothesize that higher acculturation proxy scores will be associated with increased hypertension prevalence overall, with a stronger association evident among women compared with men among both Latinos and Asians.
METHODS

Study population
The study population includes respondents from the 2011-2016 waves of the National Health and Nutrition Examination Survey (NHANES). NHANES is a crosssectional nationally representative survey of the noninstitutionalized US civilian population employing a complex, multistage stratified probability cluster sample design. 20 The analytic sample in our study includes individuals who identified as Hispanic/Latino (Latino herein) or of Asian origin (Asian herein) who were 18 years of age or older (n = 6,409).
Measures
Hypertension. Blood pressure readings were taken during the examination component of NHANES. The average of the final 2 measurements served as the blood pressure value. Hypertension status was based on criteria defined by the Centers for Disease Control and Prevention 1 and updated guidelines published in 2017 by The American College of Cardiology and The American Heart Association. 21 A respondent was classified as having hypertension if they had (i) an average systolic blood pressure ≥130 mm Hg or (ii) an average diastolic blood pressure ≥80 mm Hg or (iii) self-reported current use of prescribed antihypertensive medication.
Acculturation proxy scale. We created a composite acculturation proxy score ranging from 0 to 5 based on Kandula et al. 22 that incorporated nativity, length of residence in the United States, and language spoken at home. First, we created a variable describing nativity and years in the United States. Respondents born in the United States were given a value of 3. Those born outside of the United States who lived in the United States 20+ years were given a value of 2. Respondents born outside of the United States who lived in the United States 10-19 years were given a value of 1 and those who lived in the United States less than 10 years were given a value of 0. Second, we created a variable describing language spoken at home. Respondents who spoke mostly English at home were given a value of 2. Respondents who spoke English and Spanish or another language at home equally were given a value of 1. Respondents who spoke mostly Spanish or another language at home were given a value of 0. The values of the nativity/years in the United States and the language variables were summed to form an acculturation proxy score ranging from 0 to 5, with higher values representing greater acculturation. Finally, we created a 3-level categorical variable that approximated empirically derived cutoffs of the acculturation score, taking sample size and comparability across the 2 groups into account. Latino and Asian American individuals with scores of 0-1, 2-3, and 4-5 were classified as having "low, " "medium, " and "high" acculturation, respectively. Race/ethnicity. Participants self-reported race/ethnicity. Latinos self-identified as Latino irrespective of race, while Asian Americans self-reported Asian American as their racial category.
Covariates. Analyses adjusted for age (18) (19) (20) (21) (22) (23) (24) (25) (26) (27) (28) (29) 30 -39, 40-49, 50-64, 65+), gender (male/female), income (<$25,000, 25,000-74,999, ≥75,000), education (college or more, some college, high school, less than high school), marital status (yes/no), and health insurance status (yes/no public or private health insurance). Although body mass index (BMI) is conceptually on the pathway between acculturation and hypertension, BMI (<25, 25-29.99, ≥30) was also included because it is a strong predictor of hypertension.
Statistical analysis
Descriptive statistics were generated for all variables by racial/ethnic group, and all analyses included weights that adjusted for the complex sampling design of NHANES and multiple years of data merged. To assess the association between acculturation categories and hypertension, logbinomial regression models were fit to estimate prevalence ratios (PR) and PR adjusted for relevant covariates (aPR) for each racial/ethnic group separately. Model 1 represents the unadjusted association between acculturation proxy categories and hypertension among Latinos and Asians. Model 2 adjusted for age and gender. Model 3 additionally adjusted for income, education, marital status, and health insurance status (as measures of SEP). Model 4 additionally adjusted for BMI.
We tested for interaction effects by examining if being jointly exposed to high acculturation and being male were associated with increased hypertension prevalence, more than what would be expected if each of these social factors acted independently. 23 First, we entered a cross-product term between acculturation and gender to determine whether differences in hypertension prevalence by these 2 social categories were statistically significant, in models adjusted for age, income, education, marital status, and health insurance. Second, we created a variable that categorized individuals according to their acculturation score (3 levels) and gender (male/female) using low acculturation females as the referent (group with the lowest risk) within each racial/ethnic group. Finally, we used predicted probabilities generated from models with the cross-product term to graphically examine trends in hypertension prevalence by acculturation proxy category and gender for Latinos and Asian Americans and calculated adjusted risk differences (aRD) for comparisons of interest. All statistical tests were 2-sided at the 5% significance level. Analyses were performed using SAS version 9.4 (Cary, NC) and SAS-callable-SUDAAN version 11.0.1 (Research Triangle Institute, NC), which uses Taylor Series Linearization to obtain SE to account for the complex sampling design. 24 The City University of New York Graduate School of Public Health and Health Policy Institutional Review Board deemed this study exempt given the data were deidentified.
RESULTS
Latinos
Sample characteristics are described in Table 1 . The mean age of Latinos was 40.5 (SE = 0.44), over half were married (51.0%), and approximately 40% had earned less than a high school education. A large percentage of Latinos were born in the United States (41.0%) and spoke more Spanish than English at home (50.7%). Among Latinos, 41.4% scored a 4 or 5 on the acculturation scale (range 0-5). Hypertension prevalence was higher in Latino men (39.1%) than women (31.7%). Table 2 displays the probability of having hypertension in crude and adjusted models by acculturation categories among Latinos. In unadjusted models, Latinos with high acculturation were 28% more likely than Latinos with low acculturation to have hypertension (PR = 1.28, 95% confidence interval (CI): 1.15-1.42). This effect size remained substantively similar after adjusting for age, gender, and SEP (aPR = 1.25, 95% CI: 1.13-1.38) and was slightly attenuated in Model 4, which additionally adjusted for BMI (aPR = 1.15, 95% CI: 1.04-1.27).
Asian Americans
The majority of Asian Americans were younger than 65 years old (85.9%) and were born outside of the United States (86.1%). More than half (57.1%) spoke a language other than English at home. Over half of Asians (52.6%) had earned a college degree or more. Among Asians, 26.7% scored a 4 or 5 on the acculturation scale (range 0-5). Hypertension prevalence was higher among Asian men (43.0%) compared with women (34.3%).
As described in Table 2 , in the unadjusted model, Asian Americans with high acculturation were 34% more likely than Asians with low acculturation to have hypertension (PR = 1.34, 95% CI: 1.15-1.57). This effect was slightly attenuated after adjusting for age, gender, and SEP (aPR = 1.27, 95% CI: 1.08-1.50). In a model additionally adjusting for BMI, the effect size was slightly attenuated (aPR = 1.20, 95% CI: 1.03-1.39).
Interaction results
Our interest in examining the intersection of acculturation and gender on hypertension prevalence (P for interaction = 0.001 among Latinos and 0.03 among Asians) is presented in Table 3 and Figure 1 . Results from the joint effects model (Table 3) showed that compared with Latino women with low acculturation, Latino men with high acculturation were 1.74 times more likely to have hypertension (aPR = 1.74, 95% CI: 1.49-2.03), after adjusting for age, Figure 1 graphically displays patterns in hypertension prevalence by acculturation and gender for both Latinos and Asian Americans. Hypertension prevalence was systematically higher for men compared with women at all levels of acculturation for both Latinos and Asian Americans. However, there was a strong steep trend of increasing hypertension with increasing acculturation among Latino men that was not evident among Asian American men. Among Latino men, 50% with high acculturation had hypertension compared with 38% with low acculturation (aRD = 12.0%, P < 0.001). This trend was less pronounced and not statistically significant among Latino women (aRD = 5.0%, P = 0.09). In contrast, among Asian American men, hypertension increased modestly across acculturation levels, rising from 44% among those with low acculturation to 48% among those with high acculturation (aRD = 4.0%, P = 0.25). Among Asian American women, however, there was a much steeper increase in hypertension prevalence increasing from 27% among those with low acculturation to 41% among Asian women with high acculturation (aRD = 14.0%, P = 0.003).
DISCUSSION
This study investigated associations between acculturation and hypertension, a leading risk factor for cardiovascular disease in the 2 largest immigrant groups in the United States 5 and examined whether gender modified this association. In models adjusted for age, gender, and SEP, Latinos and Asian Americans with high levels of acculturation were 25% and 27% more likely to have hypertension, respectively, compared with respondents with the lowest level of acculturation. When examining the intersection of acculturation and gender on hypertension prevalence, the pattern of increasing hypertension prevalence with increasing acculturation was more strongly evident among Latino men and Asian women.
Our results are consistent with prior literature demonstrating increased risk for hypertension among immigrants with increasing acculturation. 9, 10, [12] [13] [14] 25 However, our study extends prior research by investigating differences in hypertension across multiple social determinants, including race/ ethnicity and gender, using an intersectionality framework to guide our study questions. 16, 23, 26 To our knowledge, only a few other studies have examined differences in hypertension risk by acculturation and gender among multiethnic 9, 12 and Latino samples, 14 and no study has explored the potential intersection of socially defined experiences of race/ethnicity and gender in producing inequalities in hypertension prevalence. Prior research has suggested that migration can result in varying health patterns for men and women via influences such as health and social policies, health selection, and patterns of SEP in both receiving and sending countries, and immigration scholars have long called for more work that explicitly connects theoretical frameworks to public health research. 27 In this regard, we used a pragmatic approach to explore intersectionality theory 28 and categorized individuals according to their joint exposure status on acculturation and gender showing varying results across groups.
Why might acculturation and gender differentially pattern hypertension for Latinos and Asian Americans? One potential explanation is that a composite score integrating language, nativity, and years in the United States may have better captured "acculturation" processes specific to each racial/ethnic group. For example, Asians are a relatively newer immigrant group in the United States with more than 70% of the population being foreign-born compared with 40% of Latinos. However, there is wide variability in limited English proficiency and linguistic isolation by subgroup. 29 Given inconsistencies observed in prior research based on the acculturation measure applied, 30 our use of a multiitem score may have uncovered health patterns specific to Latinos and Asians. A second and related explanation is that it captured what intersectionality theory suggests: variation in health due to the multiple social positions individuals experience. It is possible that men and women from immigrant groups adopt health behaviors (e.g., diet or physical activity) in different ways as they integrate into US society depending on the places in which they settle and the level of integration (acceptance) they experience, resulting in the varying hypertension patterns we observed by acculturation and gender. Moreover, characteristics of the country of origin, such as educational and workforce opportunities, and patterns in health behaviors, can also shape the health of populations that migrate to the United States and thus lead to differing health effects. 16, 31 Lastly, research suggests that the embodiment of stress processes may differ for men and women, 32, 33 and our results suggest that Asian American women and Latino men with increasing acculturation may be particularly vulnerable to hypertension. Future studies are needed that build on our conceptual and analytic approach to confirm whether they hold in other samples of Latinos and Asians, and other immigrant-origin groups. Given the complex nature of migration-related processes in conjunction with gender, qualitative studies would provide an in-depth understanding of how and why acculturation shapes health differently for men and women of immigrant origin. Furthermore, gender-based theoretical frameworks may help guide future research, given that gender roles and family dynamics may interplay with acculturation process. 34 Additionally, in this and prior studies, the prevalence of obesity, a risk factor for hypertension, is higher among Latinos than Asian adults; however, Asians get hypertension at lower BMI categories than other groups. 35 In this analysis, Model 4 added BMI as a covariate, and the effect size decreased with the addition of BMI among both Asians and Latinos. Furthermore, we tested whether the effect size changed among Asian Americans when using lower BMI cutoff points for overweight and obesity for this group, as suggested by recent guidelines 36 ; however, the results were similar when using standard BMI categories. These results suggest that BMI may be a pathway through which acculturation affects hypertension risk among both groups. The patterning of BMI (and other risk factors for hypertension) with increasing acculturation, however, likely differs by both race/ ethnicity and gender. Future research that explicitly explores the mediating risk factors for hypertension with increasing acculturation, particularly studies that explore differences by both race/ethnicity and gender, will help inform more targeted interventions to reduce the risk of hypertension among Asians and Latinos.
This study is not without limitations. Because NHANES is cross-sectional, we are not able to demonstrate that increasing years in the United States is prospectively associated with hypertension, limiting causal interpretation of our observed associations. Asian and Latino immigrants are diverse populations, hailing from a wide range of origin countries and with varying levels of education, income, and place of residence. Thus, the relationship between acculturation and hypertension may also differ by racial/ethnic subgroup as demonstrated in previous studies among Latinos 11 ; however, racial/ethnic group data are not available in NHANES. Similarly, the sample size for some of our acculturation-gender groups was small, and caution is warranted when interpreting these findings. Additionally, the measures of acculturation used in this analysis are proxy measures and do not capture the dynamic, nonlinear effects of integration that immigrant groups experience at any single point in time or over the life course. More detailed and continuous measures of acculturation may have also shown associations with hypertension risk, beyond what we could show with 3 categories. This limitation is offset by the strength of this study being among a nationally representative sample and because it is common practice to collapse continuous measures into categories to ease interpretation. 37 Lastly, place of residence (e.g., neighborhoods) is important determinant of health, and some evidence has shown that select health behaviors and cardiovascular risk factors can differ for Latino and Asian American groups living in the same neighborhood contexts. 38 Research is needed that incorporates place-based, life course effects for immigrant populations and their descendants.
A clear strength of this study is the focus on 2 fast-growing segments of the US population. We applied analytic methods to examine how fundamental tenets of intersectionality theory relate to a cardiovascular risk factor and used objective measures of hypertension. The findings suggest that reducing hypertension requires considering how gendered and immigrant-related processes increase vulnerability to hypertension and the salience of broader social structures shaping the health of these communities.
